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at	47	million	tonnes	[1].	 In	Europe,	 legislation	(Directive	94/62/EC	on	packaging	and	packaging	waste	and	2008/98/EC	on	waste)	 is	 in	place	to	reduce	paper	and	board	waste	[3].	The	Paper	Packaging	Coordination	Group	(PPCG)
represents	the	European	paper	industry	and	in	2014,	the	average	paper	and	board	packaging	recycle	rate	reached	81.1%	[1].	Landfill	disposal	of	paper	and	board	waste	is	becoming	increasingly	costly	and	in	many	countries,	such	as
























































Pelletised	co-form®	 rejects	were	processed	with	a	2 kg/h	Thermo-Catalytic	Reforming	bench	scale	reactor	 (TCR®)	developed	by	Fraunhofer	UMSICHT,	Sulzbach-Rosenberg,	Germany	 [8].	The	setup	consists	of	a	batch	 feed
hopper	(5 kg	capacity),	TCR®	reactors	(intermediate	pyrolysis	auger	reactor	combined	with	a	fixed	bed	reforming	reactor),	condensers,	filtration	and	gas	totaliser/analyser.	The	process	flow	diagram	(PFD)	is	shown	in	Fig.	2.	The	two
reactors	are	connected	 in	 series.	The	 first	 intermediate	pyrolysis	 (350–450 °C;	 feedstock	heating	 rate	1 °C/s)	 reactor	 (approx.	 length	1000 mm)	conveys	 feedstock	by	means	of	 an	auger	 (ID	of	 screw	80 mm)	with	an	average	 solid
residence	time	of	less	than	10 min.	The	auger	conveys	pyrolysed	material	into	a	second	stage	post-reformer	(fixed	bed	with	internal	temperature	of	700 °C)	both	reactors	operate	in	an	atmosphere	of	Nitrogen	to	ensure	the	complete















































































































































































are	oleic	acid	methyl	 ester	 (most	abundant	 long	chain	hydrocarbon,	15.86%),	naphthalene	 (most	abundant	aromatic,	15.22%),	 styrene,	2-methyl	naphthalene	and	 linoleic	acid	methyl	 ester.	The	bio-oil	produced	also	presents	 low
viscosity	and	TAN	values	suitable	for	engine	applications.	Low	Oxygen	content	bio-oils,	such	as	the	one	produced,	are	excellent	fuel	oils	because	they	are	stable	and	do	not	suffer	from	polymerisation	or	ageing	effects.	Overall,	the
thermal	chemical	properties	of	the	bio-oil	produced	are	well	suited	for	blending	with	fossil	fuels.	The	higher	heating	value	of	the	gas	and	char	were	11.02 MJ/Nm3	and	30.79 MJ/kg	respectively.	The	volumetric	percentages	of	Hydrogen
was	13.04 vol%	and	its	production	could	be	further	optimised	by	adjustment	of	reforming	conditions,	thus	making	the	process	more	attractive	for	Hydrogen	production.	Combustion	of	char	is	a	viable	valorisation	route	considering	the
low	levels	of	inorganics.	This	paper	was	able	to	demonstrate	the	advantage	of	the	TCR®	technology	for	processing	organic	wastes	containing	higher	levels	of	plastic.	The	TCR®	was	able	to	tolerate	high	plastic	content	(polypropylene)	in
the	feedstock	(overcoming	the	agglomeration	issue	caused	by	the	plastic	melting)	and	can	produce	energy	vectors	with	improved	liquid	fuel	physical	and	chemical	properties	(analogue	to	the	fossil	fuels),	therefore	overall	the	TCR®
showed	to	be	a	promising	route	for	valorisation	of	co-form®	rejects	to	energy	vectors.
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Highlights
• Co-form	rejects	were	processed	using	Thermo-Catalytic	Reforming	reactor.
• Pyrolysis	product	yields	for	bio-oil,	char	and	gas	are	12,	8	and	71	 wt%.
• The	bio-oil	has	thermal	chemical	properties	suited	for	blending	with	fossil	fuels.
• Char	combustion	is	a	viable	valorisation	route	due	to	the	low	levels	of	inorganics.
• The	gas	has	13.04	 vol%	hydrogen	and	this	production	could	be	further	optimised.
